To understand the possible proteolytic contribution of yeast during cheese ripening, Debaryomyces hansenii 212 was isolated from commercial blue-veined cheese and incubated in a medium containing casein. Growth and casein degradation were recognized at the cheeseripening temperature. Proteolytic activity was found in the intracellular fraction, and the enzyme, which was attached to the cell wall, primarily acted on b-casein. The cytosol contained more than 90% of the total proteolytic activity which was responsible for the degradation of both a s -and b-casein. These results suggest that the contribution of yeast to cheese ripening would depend on the susceptibility to cell lysis in addition to its proteolytic activity.
In spite of their importance to the food industry, yeasts are limited in their application to dairy products. Although Debaryomyces hansenii, Kluyveromyces lactis and Yarrowia lipolytica have been frequently found as predominant species in some traditional cheeses, [1] [2] [3] these yeasts have not been adopted for speciˆc uses. It is not rare toˆnd a yeast count of 10 5 -10 7 cells per gram of cheese, 4) although little is known about its in‰uence on its ripening. 3, 5, 6) The possibility of these yeasts being a pathogenic source is considered low and attempts at cheese production with these yeasts used as an additional starter culture have been made. 5, 7) Since yeast could lead to spoilage or undesirable ‰avor development during the maturation stage, depending on the type of cheese, 3, 4) it is important to evaluate the physiological and biochemical properties, including aroma formation, lipolytic and proteolytic activities and eŠects against concomitant lactic acid bacteria or spoilage organisms for selecting a particular yeast strain. 4, 8) In the case of D. hansenii, which is most frequently found in cheese, [1] [2] [3] 9) diversity in its eŠects has been reported. Lopez-Diaz et al. have described that all ten strains of D. hansenii isolated from Spanish blue cheese possessed neither proteolytic nor lipolytic activity 1) , whereas Welthagen and Viljoen have investigated twenty-one D. hansenii isolates from Gouda cheese that showed no proteolytic activity, but lipolytic activity.
2) Wyder and Puhan have proposed the possibility of the proteolytic contribution of D. hansenii to cheese ripening caused by lysis of the cells. 6) An investigation of the degradation proˆle towards casein components is necessary to avoid accumulation of bitter peptides as well, although little information is available concerning the substrate speciˆci-ty towards casein components of yeast origin. 10) In this study, we isolated the protease-positive strain of D. hansenii 212 and observed its properties, including substrate speciˆcity, to predict the in‰uence on cheese ripening.
This strain was originally isolated from commercial blue-veined cheese cultured on PDA agar slants at 279 C for 48 h and then stored at 29 C. Identiˆca-tion was carried out by a nucleotide sequence analysis of the speciˆc ampliˆcation of the inter-transcribedspacer region.
11) The strain was incubated in a synthetic milk ultraˆltrate 12) (pH 6.2) containing 1z lactose and 0.1z whole acid casein, puriˆed a s -or bcasein. If necessary, lactose was eliminated from the culture medium. The isolation of as-and b-casein was carried out according to the procedure of Christensen and Munksgaard. 13) After incubating strain 212 in a synthetic milk ultraˆltrate containing 1z lactose and 0.1z whole acid casein (pH 6.2) at 12 or 209 C for 14 days, the culture medium was centrifuged, and the supernatant was recovered as the culture supernatant. The pellet was resuspended in phosphate-buŠered saline and harvested by brief centrifugation. This treatment was conducted three times, and the washed cells were resuspended again in phosphate-buŠered saline. The cell suspension was applied to a French press cell disintegrator to disrupt the cells at an operating pressure of 147 MPa. The resulting cell suspension was centrifuged at 10,000×g for 15 min at 49 C, and the supernatant was recovered as the cytosolic fraction. The precipitate was washed three times with phosphate-buŠered saline and recovered as the cell-wall fraction.
The proteolytic activity of the culture supernatant, cytosolic and cell-wall fractions were determined as previously described 14) by using 0.5z casein dissolved in a 0.02 M sodium phosphate buŠer at pH 8.0 as the substrate. The reaction was performed at 359 C for 2 h.
The culture supernatant was subjected to SDS-PAGE on slab gel containing 12.5z polyacrylamide and 0.1z SDS with stacking gel. 15) To analyze the substrate speciˆcity, 0.9 ml of puried as-or b-casein dissolved in the synthetic milk ltrate at pH 6.2 was incubated with 0.1 ml of the cytosolic and cell-wall fractions at 209 C for 9 h, before a brief centrifugation to remove the solids. The supernatant was applied to a CAP CELL PAK C8 column (4.6×150 mm; Shiseido Co. Ltd., Ginza, Japan). As the starting solvent, 0.1z tri‰uoroacetic acid in water was used. Elution was performed by a convex gradient of acetonitrile from 0 to 50z in 30-ml fractions at a ‰ow rate of 1 ml W min. Figure 1 shows the SDS-PAGE analysis of the culture supernatant of D. hansenii that had been incubated at 10, 20 or 309 C for 4 days in the presence or absence of lactose. The addition of lactose seemed to promote casein degradation when incubation was carried out at 20 and 309 C, which was in part due to the stimulation of cell growth, because the turbidity of the culture medium containing lactose was increased compared with that free from lactose (data not shown). The possibility of lactose suppressing the proteolytic action of this strain was thus excluded. In addition, slight digestion was noticed at 109 C, which is widely applied as the cheese-ripening temperature. No bitterness was recognized in these experimental products by a brief sensory evaluation.
Since the degradation of as-or b-casein is more important than that of k-casein with respect to ‰avour development during cheese ripening, the nitrogen source in the culture medium was replaced by a puried casein component to investigate the substrate speciˆcity. Figure 2 indicates an HPLC analysis of the culture supernatant after incubating for 14 days. The result shows the deˆnitive digestion of b-casein by strain 212. Although slight degradation of ascasein was recognized in the culture supernatant incubated at 209 C, the extent was much less than that of b-casein incubated at 129 C.
The protease activity in the culture supernatant, and cytosolic and cell-wall fractions was evaluated to identify its distribution. Protease activity in the extracellular fraction was undetectable, whereas that in the cytosolic fraction was more than 90z of the total protease activity (data not shown). The intracellular fractions were investigated to analyze the substrate speciˆcity towards as-and b-casein. Figure 3 indicates an HPLC chromatogram of the reaction mixture after incubating at 209 C for 9 h. The digestion of both as-and b-casein by the cytosolic fraction is apparent, whereas as-casein was resistant to the action of the cell-wall fraction, which is comparable to the results obtained from the culture supernatant using as-casein as a nitrogen source (Fig. 2) . These results suggest that, at an early stage of incubation, the degradation of b-casein is preceded by the action of protease(s) located on the living cell wall and that further incubation leads to cell lysis which allows the release of cytosolic components with much higher proteolytic activity. The degradation of as-casein incubated at 309 C might have been due to lysis by strain 212 (Fig. 1) , because evidence could be attributed to the action of the cytosolic fraction. This is theˆrst report to indicate that cell wallassociated protease of D. hansenii, whose active site would be externally exposed, as well as the type of proteinase derived from lactic acid bacteria, primarily acted on b-casein.
16) A molecular analysis and comparison among these proteases would be of interest to elucidate its remarkable substrate speciˆcity.
We isolated 13 strains of D. hansenii other than strain 212 and they all showed no or weak degradation activity towards casein by SDS-PAGE observation of the supernatant of the casein-containing culture medium. However, it is possible to speculate that these strains all lacked proteinase located on the cell wall.
In conclusion, our study indicates the possibility of proteolytic contribution by yeast lysis during cheese ripening. Consequently, attention should be paid to the susceptibility to cell lysis as well as to the proteolytic and W or lipolytic activity when screening a particular strain of yeast as part of a starter for cheese production.
